A novel linearisation technique for reduction in the third-order intermodulation distortion products, with the injection of the second harmonics through a feedback loop of a power amplifier was applied in this paper. The power amplifier including the feedback loop components (bandpass filter, phase shifter, attenuator) was designed as a hybrid microwave integrated circuit by using program Libra. The adjustable parameters are the phase and amplitude of the loop signals. Therefore, a voltage that controls a phase shift of the phase shifter and a control current of a PIN diode in the attenuator circuit were optimised to obtain a reduction in the third-order intermodulation distortion. The achievable improvement was found to be 2 1 dB for the case of two fundamental signals at the power amplifier input.
Introduction
In telecommunications systems, the intermodulation distortion (IMD) especially the third-order (IMD3) generated in-band, has always been of concern, particularly when many multilevel channels are simultaneously processed. Many different techniques for IMD reduction can be found in literature such as predistortion, feedforward, feedback and combination of them [ 1-21. However, the application of these techniques requires the circuitry that may be complex, expensive and large in size, as well as limits the usage of active device full capability. In a novel technique for reducing the IMD product levels [3, 4] , the second harmonics of the input signals are fed together with the fundamental signal to the amplifier input. The injection of the difference frequency between the fundamental signals is another way to reduce IMD product levels [ 5 ] . Both approaches of a novel technique satisfy the reduction of IMD product levels without affecting the fundamental signal power levels. This work extends previous analyses of a multicarrier amplification. The effects of the injection of carrier second harmonics on the intermodulation in a microwave power amplifier were investigated. The published results preceding this paper is based on the approach in which feedback loop components were modeled by ideal elements from the library of commercial programs such as Libra or MDS. In our work, second harmonics are extracted from a non-linear power amplifier output, and returned to the amplifier input through the feedback loop, whose components are band pass filter, phase shifter, attenuator and isolator. Each of them, excepting the isolator, was designed for the application in a hybrid MIC of power amplifier. The spectrum for the bias point Vgs=-0.4 V and V*=3 V, obtained at the output without applying our technique is shown in Fig. 6a ). It includes fundamental signals and the third-order IMD products at 2.49 GHz and 2.52 GHz. When the second harmonics were returned from the output to the input of the power amplifier, CAD optimisation was used to find the right phase and amplitude of these signals in order to reduce the IMD3 products by keeping the fundamental signal power levels constant. The spectrum obtained after simulation are shown in Fig. 6b) . 
Conclusion
In order to reduce the third-order intermodulation products of power amplifier, a novel linearisation technique was applied. The second harmonics of the fundamental signals were injected through the feedback loop of power amplifier. The proposed technique uses the amplifier non-linear characteristic to generate a second third-order IMD signal, which is used to cancel the original third-order IMD product at the output. The earlier published results referring to the same novel technique approach are based on the power amplifier simulation for the ideal feedback loop elements. In this paper the feedback loop components (band pass filter, phase shifter, attenuator) as well as a single stage amplifier circuit were designed as a hybrid microwave integrated circuit in a microstrip technique using program Libra. Adjusting the phase shift and amplitude of the loop signals; the reduction in third-order intermodulation distortion products obtained by simulation are 2 1 dB in both and obtained during experiment are approximately 17 dB.
